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Despite substantial histochemical and ultrastructural 
evidence suggesting that mammalian stratum corneum 
is a heterogenous tissue composed of lipid-depleted cor-
neocytes embedded in a neutral lipid-enriched matrix, 
controversy remains about the distribution of lipids in 
this layer. In this study we attempted to resolve this 
issue by cell fractionation and lipid biochemistry of iso-
lated stratum corneum membrane complexes. Intact ho-
mogeneous sheets of stratum corneum were obtained 
from neonatal mice by treatment first with the staphy-
lococcal epidermolytic toxin and then by removal of 
residual granular cells with trypsin. The resultant sheets 
were pooled, pulverized at -196°C and homogenized at 
20-30,000 psi in a Stansted cell disrupter. Treatment 
with 0.005% Subtilisin (protease-type Vlll) in Tris-HCl 
buffer, pH 8.8, for 60 min at 25 °C stripped keratin fila-
ments from beneath the plasma membrane. The result-
ing homogeneous population of apposed membrane com-
plexes revealed trapped intercellular lipid bilayers when 
it was examined ultrastructurally. Whereas whole stra-
tum corneum sheets contained 10% lipid/total lipid + 
protein \feight, purified membrane complexes contained 
about 50% lipid, a 5-fold concentration of lipid in mem-
brane fractions over whole cells. From available quan-
titative data stratum corneum cytoplasmic domains con-
tained less than 3% lipid, while membrane complexes 
accounted for over 80% of the total stratum corneum 
lipid. Moreover, freeze-fracture replicas of isolated mem-
brane complexes revealed intercellular membrane bilay-
ers that were: (a) identical to those encountered in whole 
stratum corneum and (b) removed by lipid solvent ex-
traction. Finally, thin-layer chromatography of lipids 
extracted from membrane complexes revealed a similar 
spectrum and weight distribution of lipids as encoun-
tered in extracts from whole sheets. These results pro-
vide direct evidence that stratum corneum cell mem-
brane regions are preferentially enriched in lipids over 
whole tissue, confirming earlier morphological studies 
that lipids are progressively segregated in membrane 
domains during cornification. This heterogeneous struc-
tural/chemical organization has profound implications 
for skin barrier function, stratum corneum cohesion, and 
for avenues of percutaneous transport. 
Besides acting as a tough, flexible mechanical barrier that 
protects the integrity of the organism against physical trauma, 
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the mammalian stratum corneum provides the principal barrier 
against excess body water loss and percutaneous penetration of 
noxious substances (reviewed in references 1,2) . The cells of the 
stratum corneum are largely devoid of organelles and consist of 
a dense tonofllament-amorphous protein matrix surrounded by 
a durable, sulfur-rich subplasmalemmal dense zone [3-6] , and 
trilaminar plasma membrane. The plasma membrane leaflets 
of corneocytes, though often obscured either by the dense zone 
or by intercellular amorphous material [7,8], become apparent 
following treatment with lipid solvents [8]. Recent freeze-fmc-
ture and histochemical studies [8-11] suggest that the stratum 
corneum ofmammaliim epidermis is composed oflipid-depleted 
corneocytes embedded in a matrix consisting of neutral lipids 
and ceramides [9] arranged in broad membrane bilayers (re-
viewed in references 12,13) . 
Despite an abundance of morphological evidence that the 
intercellular compartment is a major site for lipid deposition, 
controversy exists because earlier x-ray diffraction studies 
[14,15] have suggested that intracellular keratin filaments are 
surrounded by a shell of amphipathic " lipid." This "lipid" 
material has been presumed to serve both as the banier to 
water loss and as the preferred pathway for the ingress of lipid-
soluble substances [1,16]. However, biochemical analysis of 
stratum corneum lipid extracts revealed almost exclusively 
glycosphingolipids and neutral lipids [8,9,17,18]. Polar lipids 
that could account for the reported x-ray diffraction pattern are 
not encountered in significant quantities in human, porcine, or 
bovine stratum corneum [9,17]. 
Although cell fractionation, coupled with biochemical anal-
ysis, ordinarily would be employed to localize macromolecules 
including lipids, stratum corneum homogenization and fTaction-
ation presents several special problems: First, the stratum cor-
neum resists homogenization with forces of up to 20,000 psi 
[19]. Second, intracellular keratin filaments are bonded to the 
base of the subplasmalemmal dense zone by as yet unknown 
forces. Third , stratum corneum lipids are particularly labile and 
easily lost during ordinary preparative manipulations· [8,10]. 
Nevertheless, methods have been developed to homogenize and 
solubilize stratum corneum [3,19-22], and attempts have been 
made to characterize the proteins of the stratum corneum cell 
envelope [5]. In this report, we describe the successful isolation 
of stratum corneum membrane complexes,* utilizing a new 
procedure that retains sandwiched intercellular lamellae [23]. 
These complexes are highly enriched in lipids in comparison to 
whole cells, suggesting that intercellular sequestration of lipids 
is an important accompaniment of mammalian cornification. 
MATERIALS AND METHODS 
Tissue 
Groups of 200 neonatal Swiss albino mice were each injected with 
2.5 mg of crude staphylococcal epidermolytic toxin [24) or 10 J.Lg pme 
toxin in 0.1 ml saline and placed in an incubator for 2 hr at 37°C. After 
cervical dislocation, intact epidermal sheets that comprise stratum 
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• The term stratum corneum membrane complex (SCM) is used to 
denote a complex of the subplasmalemmal dense band, the plasma 
membrane, and trapped intercellular materials. 
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corneum and stratum granulosum were peeled off; granular ce lls were 
then removed by further incubation of sheets in 0.5% trypsin (Millipore 
Corp., Freehold, NJ) in phosphate buffered saline (PBS), pH 7.2, for 2 
hr at 37°C with gentle agitation. Trypsinization was terminated by the 
addition of excess soybean trypsin inhi_bitor (Sigma Chemical Company, 
St. Louis, MO) and by several washes with vortexing in PBS. The 
residual stratum corneum sheets were weighed, wrapped in aluminum 
foil, frozen slowly to induce cell ruptw-e through large ice crystal 
formation, and stored at -20°C until used. 
Stratum Corneum Homogenization and Fractionation 
The frozen stratum corneum sheets, while still wrapped in aluminum 
foil, were plunged into liquid nitrogen and pulverized with a liquid 
nitrogen-cooled stainless steel hammer on a precooled, solid aluminum 
block. While still frozen, the pulverized powder (around 1.0-2.0 gm) 
was suspended in 20-30 ml of 0.03 M tris-HCl buffer, pH 8.8, and 
homogenized by passage through a Stansted cell disruptor (Stansted 
Fluid Power Corp., Ltd., Stansted, Essex, U.K.) using the 1/ 16" diam-
eter ball at 20,000-30,000 psi. The homogenate was centrifuged at 
25,000 x g for 20 min and the pellet was then used for the membrane 
complex preparation. Subtilisin (Protease VIII, Sigma) was added to 
the pellet at a final concentration of 0.005% in 20-30 ml of 0.03 M tris-
HCL buffer and the mixture was stirred at 25°C for 1 h1· (21]. The 
digested homogenate was then centrifuged at 25,000 g for 20 min, and 
the pellet washed and centrifuged 3 times with tris-HCl buffer. This 
pellet comprised the stratum corneum membrane complex fraction 
(SCM). The pooled supernatants were saved for lipid analysis (see 
below). Aliquots of each fraction obtained during the entire procedure 
were kept for ultrathin sectioning, freeze-fracture replication, lipid 
solvent extraction, and protein determinat ions (see below). 
Thin Section Electron. Microscopy 
Samples for th in sectioning were fixed overnight in 2% glu taralde-
hyde, 2% paraformaldehyde with 0.06% CaClt in 0.1 M sodium cacodyl-
ate buffer, pH 7.3. After washing in cacodylate buffer, the samples were 
postfixed for 90 min in aqueous 2% osmium tetroxide with 0.5% potas-
sium ferrocyanide (25]. After dehydration in a graded ethanol series 
and propylene oxide, the tissue was embedded in a low viscosity epoxy 
resin containing DER 736 and Epon 812 (26). Thin sections were 
stained with either uranyl acetate and lead citrate, or lead citrate alone, 
and photographed in a Zeiss lOA electron microscope. Light micro-
graphs of half-micron sections, stained with toluidine blue, were taken 
on a Leitz Ortholux II microscope. 
Freeze-Fracture 
Fixed samples were cryprotected in a graded glycerol -normal saline 
series (from 5% to 25% glycerol) over 2 hr, mounted on gold alloy 
TABLE I. Protein and lipid composition of stratum corneum sheets 
and membrane fractions from a representative exp eriment 
Specimen Total protein Lipid weight Lipid weight (%) (mg) (mg) 
Stratum corneum (SC) 52.5 6.03 10.3 
Stratum corneum 
membranes (SCM)" 12.5 10.58 50.71' 
"Supernatant contained 2.25 mg lipid or 17.5% of lipid from this 
membrane preparation. 
1
' Includes supernatant lipid. 
specimen holders, frozen in Freon 22 at its melting point, and immersed 
in liquid nitrogen. The specimens were fractured at -l00°C and w - <; 
torr in a Balzers BAF 301 freeze-fracture unit (Balzers Corp., Santa 
Ana, CA). P latinum-carbon replicas were retrieved on copper grids 
after 24 hrs treatment in absolute methanol followed by digestion with 
12.5% sodium hypochlorite for 1-3 days. Some replicas required clean-
ing with hot, concentrated nitric acid. Replicas were examined and 
photographed in a Zeiss lOA electron microscope at 60 kv. 
Lipid Extractions 
Whole stratum corneum sheets and SCM preparations were homog-
enized in a ground glass homogenizer in chloroform:methanol:water (2: 
4:1.6, v/v/v) (27], and further extracted overnight in the same solvent 
system. The extracts were then split into 2 phases by addition of equal 
volumes of chloroform and water followed by centrifugation (27]. The 
upper aqueous phases, interfaces and extracted pellets were kept for 
protein weight determinations by a modification of the Lowry method 
(28], and by measuring ru·y weights of insoluble material, while the 
lower organic phases were washed with the aqueous phases from 
chloroform:methanol:water (4:4:3.6, v/ v/ v). The lipid-containing in-
franatants were evaporated to w·yness under nitrogen atmosphere Jt 
37°C, weighed, resuspended in absolu te benzene, and stored at -20°C 
until fractionated. Lipid weight percentages were calculated as a per-
centage of lipid weight plus protein weight (Table I). 
Thin-Layer Chromatography 
Phospholipids, glycosphingolipids, and neutral lipids were separated 
on thin-layer chromatograms (HP-TLC plates Silica Gel 60, Mc/ B 
Manufacturing Chemists, Inc. , Cincinnati, OH) utilizing chloroform: 
methanol:water:acetic acid (60:35:4.5:0.5, v/ v/ v/ v) as the solvent for 
phospholipids, and petroleum ether:diethyl ether:acetic acid (80:20:1 , 
v/ v/ v) for neutral lipids. Quantities of each neutral lipid and sphingo-
lipid fraction were calculated as percentages of recovered lipid (Table 
II) . Individual bands were visualized under UV light after spraying with 
a 0.25% aqueous solution of 8-anilino-1-naphthalene sulfonic acid 
(ANS) , (Sigma Chemical Company, St. Louis, MO) and identified by 
co-chromatography against known standru:ds. 
RESULTS 
Homogenization and Fractionation 
Because of its inflexible subplasmalemmal dense zone and its 
compact intracellular filamentous contents, corneocytes resist 
typical homogenization procedures. The method developed in 
this study employs fresh stratum corneum-stratum granulosum 
sheets, obtained by ·in vivo administration of the staphylococcal 
epidermolysin to neonatal mice (Fig 1), as its starting material 
[24]. Subsequent trypsinization yielded intact sheets of stratum 
corneum that were stripped of all granular cells (Fig 2 and 3). 
In order to avoid loss of stratum corneum lipids from "melting" 
during subsequent isolation procedures, all of the fractionatio~ 
steps were performed below physiological temperatures. Im-
tially, the liquid nitrogen-cooled sheets were smashed into a 
fme powder (see Methods), a procedure which fragmented most 
of the corneocytes (Fig 4). Homogenization was completed by 
rupturing both cells and cell fragments at 20,000+ psi in a 
Stansted cell disrupter. Comparing lipid data from a cell ho-
TABLE II. Thin-layer chromatographic fractionation. of neu.trallipids and glycosphingolipids from whole sheets and membrane fractions" 
Experiment 1 Experiment 2 
Neutral lipids Broken Cell Sheet• S" Homogenate SCM' 
Sterol esters and 14.5 14.7 10.5 
hydrocarbons 
Triglycerides 8.9 6.7 2.4 
Free fatty acids 16.9 13.3 11.8 
Free sterols 18.6 18.9 19.6 
Ceramides and 41.0 46.4 55.7 
glycolipids 
Total 99.9% 100.0% 100.0% 
• Expressed as % of recovered lipids. 
b Trypsinized, toxin-peeled epidermal sheets (only stratum corneum). 
c Stratum corneum membrane region preparation. 
d Combined supernatants from SCM preparation. 
Sheet" 
25.7 
12.2 
13.7 
14.7 
33.8 
' 100.1% 
Experiment 3 Experiment 4 
SCM' S" Sheet• SCM'' s" 
8.0 23.8 9.3 11.6 29.4 
2.3 4.9 1.8 2.3 9.6 
11.0 17.8 17.2 9.6 14.1 
18.0 14.5 20.2 18.8 21.6 
60.7 39.0 51.4 57.6 25.2 
100.0% 100.0% 99.9% 99.9% 99.9% 
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F IG 1. Light micrograph of s taphylococcal epidermolysin-peeled neonata l mouse skin (sheet) . The toxin induces cleavage at the stratum 
granu losum-stratum spinosum interface. Stratum corneum with adherent granular cells rema ins. (SC ) stratum corneum; (SG) stratum granulosum (XG50) . 
FIG 2. Light micrograph of sheet fo llowing incuba tion wit h 0.5% trypsin at 37°C fo r 2 hr. Removal of stratu m granulosum cells is complete 
leaving only in tact stratum corneum sheets. (SC) stratum corneum (X650) . 
FIG 3. E lectron micrograph of sheets incubated with 0.5% t rypsin at 37°C for 2 hr. Corneocyte sheets are sepamted by in tercellular 
compa rtments ar tefactually appearing to be devoid of lipid as a result of tissue prepa ration . Freeze-fractUJ"e and histochemical studies show that 
these regions still contain a bundant lipid [8-11] (X8,000). 
mogenate with whole stratum corneum (Table II, Experiment 
1) , no significant loss of lipid occurred at this stage. As seen in 
Fig 5 and 6, the resultant homogemite consisted of couplets of 
apposed membrane fragments with tonof:tlaments still attached 
subjacent to the plasma membrane. Moreover, since prior mor-
phological studies had indicated that stratum corneum lipids 
reside in the intercellular spaces, the maintenance of membrane 
fragments as apposed couplets was a critical goal of this study. 
The final isolation step, consisting of stripping off tonofilaments 
by proteolytic digestion with subtilisin, did not disturb the 
apposed membrane configuration (Fig 7-9). Examination of 
aliquots from five separate experiments indicated that these 
preparations were virtually free of cytoplasmic filaments. 
Morpho logy of Stratum Corneum Membrane Fractions 
Freeze-fracture replicas suggested that most of the intercel-
lular lamellae survived the isolation technique (Fig 9-10) . Both 
prior to isolation [8-10], and after the isolation procedure, broad 
multilaminate sheets were found in replicas of intercellular 
domains (Fig 10). Although compal'able images could occasion-
ally be found in thin sections (Fig 9), most of these structures 
were lost from sectioned material due to extraction during 
dehydl'ation and embedding. 
T he lipid-rich nature of the intercellular laminae was sug-
gested not only by the tendency of these domains to fracture 
into broad, multilaminate domains (Fig 10), but also by the 
disappearance of intercellular laminae from both thin section 
and freeze -fracture images of chloroform:methanol:water-ex-
tracted membrane complexes (Fig 11 and 12) . Following extrac-
tion, membrane complexes revealed only single fracture planes 
(Fig 12), rather than multiple, intercellular steps (Fig 9 and 10). 
In thin sectioned material from the same fraction , laminae 
comparable to those seen in Fig 9 had disappeared, resulting in 
either detachment or close apposition of adjacent cell envelopes 
(Fig 11) . 
Lipid Composition of Membrane Complexes 
In order to quantitate lipid enrichment in stratum corneum 
membrane complexes, ratios of lipid weight to total lipid plus 
protein weight from whole stratum corneum and membrane 
complexes were compared (Table I) . Whereas whole stratum 
corneum contained approximately 10% lipid, membrane com-
plexes contained 50% lipid , indicating a 5-fold lipid enrichment 
in the membrane-containing fractions. The stratum corneum 
cytoplasm was calculated to contain less than 3% lipid and 
membrane preparations accounted for approximately 80% of 
the total stratum corneum lipid (see Discussion). S ince the 
combined supernatants from all the isolation steps contained 
less than 20% of the total recovered lipid (Table 1), the isolation 
procedure effectively trapped most of the intercellular lipids. 
Further support for the localization of stratum corneum lipid 
to membrane complexes was provided by comparison of the 
profiles of neutral lipids found upon fractionation of solvent 
extracts of whole stratum corneum and membrane .preparations 1 (Fig 13). However, since membrane complexes contained lesser 
quantities of sterol esters, triglycerides, and free fatty acids 
than did the corresponding supernatants, some of these sub-
stances appear to have been lost during the proteolytic digestion 
stage (Table II). On the other hand, membrane ceramide 
appeared to be much more stable, since they did not appear in 
increased proportions in supernatants. 
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FIG 4. E lectron micrograph of liquid ni trogen (LN")-frozen stratum 
corneum sheets pulverized on a LN ~-cooled metal block with a LN.,-
cooled hammer; WTOWS indicate areas where corneocytes are broke~. 
The resul t ing stratum corneum "powder" passes through the Stansted 
press more readily than whole sheets (reduced from X9500). 
... ;: •• c. t .. · . 
I ... 
', ~ ~ t .a. ~ ~w· ... ;.., 
FIG 5. Electron micrograph of corneocytes ruptured in a Stansted 
press at 20,000-30,000 psi. A rrows point to apposed stratum corneum 
membrane fragments (X20,000) . 
--"- -~~. 
Frc 6. E lectron micrograph of corneocytes rup tured in a Stansted 
press at 20,000-30,000 psi. Double arrows point to areas where the 
stratum corneum membrane outer leaflet is exposed; single a/Tows 
point to filaments attached to the subplasmalemmal dense zone (DZ) 
(X52,300). 
DISCUSSION 
Lipid Sequestration in Stratum Corneum Interstices 
Abundant morphological and experimental evidence suppor ts 
the existence of lipid-enriched domains in membrane regions of 
the stratum corneum (reviewed in references 12,13). The mor-
phology of these regions in both freeze-fTacture replicas [8-11] 
and in thin sections [8-11,29,30) suggests that these domains 
contain broad membrane bilayers that are sufficiently hydro-
phobic to induce deviation of the freeze-fracture plane from 
the interior of the plasma membrane to the intercellular spaces 
[10). Moreover, only membrane regions of the stratum corneum 
stain with 'the fluorescent hydrophobic probe, 8-anilino-1-naph-
thalene sulfonic acid [9,10), with oil red 0 [9,10,31], or with the 
macrolide antibiotic, filipin (unpublished observations), which 
emits a fluorescent signal only after binding to unesterified 3-
,8-hydroxysterols [32). Similarly, digitonin, which also com-
plexes to free sterols, forming characteristic tubular complexes 
[33], appears only in stratum corneum intercellular domains in 
freeze-fracture preparations [9). Finally, recent evidence indi-
cates that stratum corneum sheets can be dispersed in to indi-
vidual cells by treatment with lipid solvents [12,34], and then 
reaggregated into cohesive sheets when solvent extracts are co-
mixed with cell suspensions [34]. 
Although these data provide a compelling array of evidence 
for lipid concentration in stratum corneum intercellular do-
mains, earlier x-ray diffraction studies had suggested that stra-
tum corneum lipids are arranged in a cylindrical array around 
intercellular keratin filaments [14,15]. As a resul t, physical 
chemists often still view the stratum corneum as a homogeneous 
complex of filamentous proteins surrounded by lipid "shells" 
[1,16]. The studies reported here provide direct biochemical 
and morphological evidence that stratum corneum membrane 
complexes contain about 5 times more lipid than whole stratum 
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FIG 7. Low-power electron micrograph of the post-Stansted press corneocyte membrane fraction fo llowing incubation in 0.005% subti.lisin at 
25°C for 1 hr (SCM). Preparations consist of about 80% membrane couplets and about 20% singlets (X45,000). 
FIG 8. E lectron ·micrograph of SCM preparation. Apposed corneo-
cyte membranes with trapped intercellular lipids, are cleaned of at-
tached filaments; however, the subplasrnalemrnal electron-dense zone 
remains. Bracheted areas are representative of apposed stratum cor-
neum cell membrane couplets (X59,000) . 
FIG 9. E lectron micrograph of SCM preparation. Thin parallel 
arrows indicate intercellulru· laminae (see Fig 10 for comparable freeze-
fracture replica); heavy W'I'OW points to lipid-dP.pleted region where 
outer membrane leafl ets are closely apposed. (OL) outer leaflet; (DZ) 
dense zone. This apposit ion may be due to loss of lamellae during 
homogenization, or it may be due to loss during EM processing (cf, Fig 
4, above) (X140,400). 
133 
FrG 10. Freeze-fTactme micrograph of SCM prepru·ation. Arrows 
point to broad intercellular sheets or laminae (see Figure 9 for .compa-
rable thin section) (X60,300) . 
® 
FrG 11. E lectron micrograph of solvent-treated SCM preparation 
(see Fig 12 for comparable freeze-fractW'e replica). Arrows indicate 
points of close membrane apposition and separation; loss of intercellular 
material (cf, Fig 9) allows observation of outer leafl ets. (DZ) dense 
zone; (OL) outer leaflet (Xll2,500). 
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FIG 12. Freeze-fracture micrograph of solvent-treated SCM prepa-
ration (see Fig 11 for comparable thin section) . Double arrows point to 
cross-fractured lipid-depleted membrane regions. Since solvent-treated 
preparations reveal only single fracture planes (single arrow), and 
absence of broad multi-laminate sheets are observed, it is likely that 
the intercellular spaces are now lipid-depleted. Aslerislzs indicate cross-
fractured lamellae of residual incompletely solubilized lipid (X60,000). 
corneum. In fact, the actual lipid content of stratum corneum 
membrane complexes actually may be higher than the 50% 
calculated figure because the membrane preparation contains 
the subplasmalemmal dense zone, a cytoplasmic structure that 
is known to contain abundant insoluble proteins [5]. From 2 
separate experiments, such as the one depicted in T able I 
(Experiment #5), we have calculated that the cytoplasm con-
tains less than 3% lipid, and that membrane complexes, which 
con~ain about 50% lipid, account . for approximately 80% of the 
total stratum corneum lipid. 
In ·addition to the high lipid weight percentages of the mem-
brane complexes, several other findings in this study support 
the lipid sequestration model: First, both thin sections and 
freeze-fractures of membrane complexes revealed broad inter-
cellular lamellae, identical to those encountered in whole sheets. 
Second, lipid solvent treatment removed these lamellations and 
caused reappearance· of the plasma membr'ane and reapproxi-
mation of apposing plasma membrane leaflets, as has been 
described in solvent-treated whole sheets [8]. Third, the com-
position of lipids isolated from purified membrane preparations 
was virtually homologous to profiles of lipids isolated from 
whole mouse stratum corneum sheets (also reference 9) . 
Other workers have met with variable success in attempting 
to isolate stratum corneum membranes [3,19,21]. In these stud-
ies the lipid composition was not extensively studied. But, even 
had lipids been sought, it is likely that most would have been 
stripped from the membranes during the isolation procedure. 
Here, by isolating membrane "sandwiches" rather than single 
membranes, intercellular lipids were trapped, and available for 
characterization. Since recent evidence had indicated that stra-
Vol. 78, No.2 
tum corneum neutral lipids demonstrate phase transition peaks 
at around 33°C [35], we felt that it was important to perform 
the homogenization and fractionation procedures at subphysi-
ological temperatures, thereby avoiding loss of lipids due to 
crystalline-liquid "melting." Interestingly, ceramides, iso lated 
from stratum corneum, which display phase transition at much 
higher temperatures than neutral lipids [35], did not appear to 
be lost from isolated membranes in the same proportions as 
were neutral lipids. This observation lends further support for 
the relative thermolability of stratum corneum neutral lipids. 
Implications for the Cutaneous Permeability Barrier 
The data in this study lend further support to a heteroge-
neous model of the permeability barrier, in which the lipid-
enriched intercellular spaces of the stratum corneum can be 
analogized to the "mortar" in a brick wall [12,13]. Additional 
evidence in favor of this model has been presented: first, in 
essential fatty acid deficiency, a "leaky" barrier is associated 
with loss of intercellular lipid [31], and, as a result, water-
soluble tracers gain ready access to normally inaccessible inter-
cellular domains [31]. Second, epicutaneously applied lipid-
soluble tracers preferentially traverse intercellular domains 
[36]. 
An argument often marshalled against this model holds that 
the intercellular volume is not large enough to explain the rapid 
SE 
TG 
FFA 
FC 
GL-CER 
sc s SCM 
FIG 13. Thin-layer chromatographic plate sprayed with ANS. The 
chromatograms of lipid from whole stratum corneum (SC), stratum 
corneum membranes (SCM), and supernatant from the membrane 
preparation (S) are virtually identical. The supernatant fractions ap-
pear to be enriched in sterol esters and triglycerides, a finding supported 
by weight determinations (Table II) . (GL-CER) glycosphingolipids and 
ceramides; (FC) free cholesterol; (FFA) free fatty acids; (TG) triglyc-
erides; (SE) sterol esters. 
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percutaneous flu xes of some lipophilic substances [1]. However, 
preliminary stereological measurements suggest that the stra-
tum corneum intercellular spaces are not insignificant in vol-
ume: they comprise 10-30% of the stratum corneum volume, in 
comparison to other tissues where the intercellular volume 
fraction is 0.5-1.5% [37]. Although this model may not account 
for all of the remarkable properties of the stratum corneum, 
the "2 compartment" model may provide a useful fram ework 
for the further study of stratum corneum function . 
Dr. Peter Fritsch kindly provided much of the staphylococcal epi-
dermolytic toxin required for this study. 
Marilyn A. Lampe provided technical assistance. 
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